Introduction
Microstrip patch antennas offer an attractive solution to compact, conformal and low-cost designs of many wireless application systems [1] . It is well known that the gain of a single patch antenna is generally low and it can be increased by using array of patches or by reducing the surface wave, which can create ripples in the radiation pattern and hence reduce the main loop gain. Several methods have been proposed to reduce the effects of surface waves [2] [3] [4] [5] [6] [7] [8] . One approach suggested earlier is the synthesized substrate that lowers the effective dielectric constant of the substrate either under or around the patch [2] [3] . Other approaches are to use parasitic elements [4] [5] or to use a reduced surface-wave antenna [6] [7] [8] . During the last decade a metamaterial layer with negative refractive index has been developed to act as a lens [9] . This metamaterial (MM) lens can be placed in front of the patch antenna and due to the negative refractive index property of the MM, the radiated electromagnetic beam size reduces which results in a highly focused beam and hence the gain, directivity and radiation efficiency can be significantly improved [10, 11] . Metamaterials are artificial materials which exhibit their non-natural properties such as negative permittivity, negative permeability and negative refractive index (NRI) from ELSEVIER Cross ponding author; Tel. 01214144331, Fax.01214144291, e-mail: aaa365@bham.ac.uk; ghafourh@bham.ac.uk physical dimensions and geometrical shapes rather that chemical composition [12] [13] [14] [15] [16] [17] . Metamaterials which have simultaneous negative permittivity and negative permeability are called left-handed materials (LH-MM), in which the electric field E, the magnetic field H, and the wave vector k form a left-handed system.
Recently, several structures have been proposed which exhibit the LH-MM properties such as omega shape, spiral multi-split, fishnet, and S-shape [18] [19] [20] . After that many researchers have interested in investigating this artificial material, and several of them used the LH-MM to improve the properties of the microwave devices such as antennas and filters [21] . However, many papers have been published regarding the LH-MM integrated with antennas, and their properties have been analyzed [22] [23] [24] . Although other metamaterials such as frequency selective surface (FSS) and electromagnetic band gap (EBG) have been used to enhance the gain of an antenna [25] [26] , the NRI property of the LH-MM was exploited to improve the directivity and gain of the antennas [27] [28] [29] . In addition a metamaterial structure composed of copper grids with lattice was given by Stefan Enoch et al. for directive emission [30] . It was shown that the electromagnetic waves in the media can be congregated in a narrow rectangle area properly when applied to a monopole antenna; this structure can greatly improve the directivity of the antenna. Also, metamaterials have been designed and investigated in the THz frequency range for developing new THz devices such as antennas, filters, sensors, and absorbers [31] [32] [33] [34] .
In this paper, 3-D periodic structure consists of circular split ring resonators and thin wires (CSRRs/TWs) [35] is employed to improve the performance of a microstrip patch antenna operating at 10 GHz. The 3-D periodic structure is placed in front of the microstrip patch antenna and due to the Electromagnetic Coupling (EMC) property between the different unit cells forming the 3-D periodic structure and between the patch and the periodic structure, the radiated electromagnetic beam size reduces which results in a highly focused beam and hence the radiation parameters of the antenna such as gain, and directivity will be improved. Furthermore, the EMC impacts of using the CSRRs/TWs to improve the radiation and the impedance matching parameters of the patch antenna are considered as a preliminary phase in designing and testing CSRRs/TWs periodic structure with physical effective parameters to employ MM lens. This lens with physically realizable negative effective parameters (i.e. permittivity, permeability and index of refraction) can be used for the purpose of THz imaging; sensing and heart beat phasic measurement. In this work, a parametric analysis on a proposed patch antenna incorporated with CSRRs/TWs 3-D periodic structure employing EMC improvement in the near field area at the top of the patch and their impacts on the impedance matching and radiation parameters of the proposed antenna are studied. Both simulated and experimental results are verified. This paper is organized as follows: Section 2 provides the design and simulation of the 10 GHz proposed patch antenna. Furthermore, this section includes; designs of a conventional line fed patch antenna at 10 GHz, frequency response of the CSRRs/TWs periodic structure, and parametric analysis of 10 GHz patch antenna incorporated with CSRRs/TWs 3-D periodic structure. The experimental validation of the proposed antenna is shown in section 3. Finally, the paper conclusion is given in section 4.
Analysis and Design of the Proposed Antenna
In order to investigate the idea of beam focusing using EMC improvement, a microstrip patch antenna operating at 10 GHz and a CSRR/TW unit cell resonating at the same frequency as that of the patch antenna are designed and simulated using CST microwave studio. The conventional patch antenna has a length, L, and width, W, of 8.6 mm and 11.86 mm, respectively, and is printed on a RT/Duroid 5880 substrate with a relative permittivity of ε r = 2.2 and a thickness of h= 1.57 mm. The patch is fed by a 50 Ω microstrip line and is matched with quarter wavelength transformer which has a line length, , and width, , of 7mm and 0.3mm, respectively. The quarter wavelength transformer length and/or the patch width were optimized to give a good impedance matching. The size of the substrate a×b was calculated from the formula ( + 6ℎ ) × ( + 6ℎ) [36] . The conventional microstrip patch antenna (MSA) parameters such as gain, bandwidth, and directivity and radiation efficiency are calculated theoretically using cavity model [37] . The Directivity (D) is calculated as follow
Where J o (x) is the zeroth-order Bessel function, k o is the free space wave number equals 0 /2 , a is the substrate length equals + 6ℎ, b is the substrate width equals + 6ℎ , and G is the radiation inductance = 1/ and R r is the radiation resistance and is given by [37] = 120
The bandwidth BW of the MSA can also inversely proportional to its total quality factor Q T and is given by [38] 
The total quality factor Q T is given by [37] 
Where Q r Q c , Q sw and Q d are the radiation, conductor, surface wave and dielectric quality factors, respectively. The relationship between VSWR and return loss S 11 is as follows [38] .
The MSA radiation efficiency is given by [37] 
The gain G of the MSA is given by [37] = (9) The maximum gain of the conventional patch antenna is about 7 dB. Furthermore, the CSRR/TW unit cell is used to construct a 3-D EMC periodic structure which is then placed in front of the patch antenna with specific separation ℎ as shown in Figs. 1 (a), 1 (b), 1 (c), and 1 (d) which illustrate the 3-D view, bottom view, top view and side view of the propose antenna, respectively. However, the 3-D CSRRs/TWs periodic structure is designed with specific periodicities of , , and in x, y, and z, respectively to ensure a strong EMC coming out from the resonators formed by the CSRRs and the TWs which are constructing the 3-D periodic structure, and also, the separation distance ℎ between the patch and the bottom side of the 3-D CSRRs/TWs periodic structure is designed properly to build a constructive electric and magnetic coupling between the patch and the CSRRs/TWs periodic structure. As a result the radiation and the impedance matching parameters of the proposed antenna can be improved as will be discussed in section 3. The detailed dimensions, the frequency response of the CSRR/TW unit cell constructing the EMC improvement structure will be given in the coming section. After that, the proposed antenna is simulated for different sizes of the 3-D CSRR/TW structure employing the EMC improvement structure at different separation ℎ between the patch and the EMC periodic structure; as a result the optimized structure of the proposed antenna can be obtained. 
Frequency Response of CSRR/TW unit cell resonating at 10 GHz
Here, a unit cell of CSRR/TW is designed and simulated in CST which when repeated in two dimensions; it may give us a good band pass response around the interesting frequency of 10 GHz [31] . The dimensions of the 2-D CSRR/TW structure are optimized in order to give a strong EMC in a frequency range matched with the bandwidth of the patch antenna. The EMC improvement caused by the CSRRs/TWs periodic structure achieves an optimal beam focusing when it is integrated with the patch antenna. The CSRR is a copper layer with thickness t of 35 μm mounted on the top side of a RT/Duriod 5880 dielectric substrate with relative dielectric permittivity εr of 2.2 and height h = 1.57 mm, and the TW is mounted on the other side, i.e. the CSRR/TW structure is a double-sided process structure. The CSRR/TW unit cell is depicted in Fig. 2 was designed using the CST Microwave Studio to resonate at 10 GHz. The CSRR/TW parameters are: a=4.5 mm, g=0.3 mm, r1i=1 mm, r1o=1.4 mm, r 2i =1.8 mm, r2o=2.1 mm, = 4.2 mm.
= 1 mm and t= 17 µm. The scattering parameters of the CSRR/TW unit cell are extracted as shown in Fig. 3 which illustrates that the CSRR/TW unit cell has a band pass frequency response with a transmission peak center frequency of 10 GHz. The CSRR/TW unit cell scattering parameters can be obtained by using boundary conditions of magnetic walls at the back and front sides since the magnetic field is polarized in the x-direction and also electric walls on the left and right sides as the electric field is polarized in the ydirection. The theoretical resonant frequency of the CSRR/TW unit cell is 10 GHz, according to the theories developed in [31] , which is matched with the operating frequency of the patch antenna. The transversal periodicity is a = 4.5 mm, which is less than 1/8 of the free space wave length at resonance, which is used to construct the 3-D periodic structure to employ subwavelength EMC improvement. Figure 3 shows that, the CSRR/TW unit cell resonates at a fundamental frequency of 10 GHz and has a band pass response around the fundamental resonance frequency of 10 GHz. However, the bandwidths of the band pass of the CSRR/TW unit cell can be widened if the unit cell dimensions are increased and the first harmonic resonance of the CSRR/TW unit cell is chosen instead of the fundamental resonator. To do so, the dimensions of the CSRR/TW unit cell shown in Fig.2 are redesigned to has a first harmonic resonance around 10 GHz with a wider bandwidth. The CSRR/TW unit cell parameters are: a=8 mm, g=0.3 mm, r1i=2 mm, r1o=2.5 mm, r2i=3 mm, r2o=3.5 mm, = 7 mm. = 1 mm and t= 17 µm. The scattering parameters of the CSRRs/TWs unit cell have been extracted. Fig. 4 shows that the CSRR/TW unit cell has a band pass frequency response with a center frequency of 10 GHz. It is clear from Figs. 3 and 4 that, since the CSRR/TW 2-D infinite periodic structure has a good band pass response, the CSRR/TW structure allows the radiated electromagnetic (EM) waves from the patch to transmitted through it and improved by the EMC property between the different resonators of such structure and between the structure and the patch. Although, the CSRR/TW negative effective parameters are tried to be extracted (the results not shown here) from the s-parameters by the procedure of NicolsonRoss-Weir (NRW) algorithm and unambiguity presented in [39, 40] , this procedure results in a non-physical response. To overcome this problem, the EMC property can be used to demonstrate the radiation and impedance matching improvements of the proposed antenna rather than the NRI property of the MM lens. The impact of the CSRRs/TWs infinite periodic structure truncation on the frequency response of the CSRRs/TWs structure is considered. It is impossible to use infinite periodic structure in our application of incorporating the patch antenna with the CSRRs/TWs EMC improvement structure, since the patch antenna has a finite patch length of /2 and patch width which determines the antenna impedance matching. This means that we have a finite CSRR/TW size which can be identified as function of the patch dimensions and the resonance wavelength to make sure that the antenna impedance matching occurs and at the same time the CSRRs/TWs structure has a good scattering parameters around the resonance frequency and the CSRRs/TWs homogeneity [40] is still satisfied to avoid the destroy of the radiated waves and to make a constructive EM coupling between the patch and the CSRRs/TWs structure. For example in the direction of the antenna patch length L which is the y-axis as shown in Fig. 1 , the infinite periodicity is truncated at two unit cells of cell size a=8 mm, and this number of cells satisfies the CSRRs/TWs homogeneity at the operating wavelength which is 30 mm at 10 GHz, since at this frequency, the ratio / will be approximately 4, which means that, two unit cells are required to cover the patch of effective length L= /2 of 15 mm in the direction of the patch length. This means that, there will be approximately /4 wave propagating across each CSRR/TW unit cell which is not bad related to the periodic structure homogeneity condition. Furthermore, it is good if we can increase the number of CSRR/TW unit cells per wavelength greater than 8, and this can be done by taking a unit cell of 4.5 mm size and has a fundamental resonance frequency of 10 GHz, this approach is suggested and unfortunately a less gain improvement is achieved (the results not shown here). So to tackle the tradeoff between the periodic structure homogeneity and the antenna performance improvement, a consistent homogeneity factor of 4 is chosen. However, if the number of cells in the direction of the patch length is increased, it will affect the impedance matching of the antenna and the return loss is increased as will be illustrated in the next section (see Fig. 6 (a) for a CSRRs/TWs structure size of 3 × 3 × 2), so two unit cells are the optimum number in the y-direction. For the number of cells in x-direction aligned to the patch width which, different sizes of 2, 3 and 4 are used which fully cover the patch and even the whole antenna substrate. While in the z-direction, the periodicity of the CSRRs/TWs structure is truncated at two unit cells, since more cells in such direction will cause impedance mismatching.
To verify the above explanation of the infinite periodicity truncation of the CSRRs/TWs periodic structure, three different 3-D periodic structures with truncated periodicity of sizes 2 × 2 × 2, 3 × 3 × 2, and 4 × 2 × 2, in addition to one 2-D periodic structure with infinite periodicity are designed and simulated in CST software. The scattering parameters of the periodic structures with infinite and truncated periodicities are traced as shown in Fig.5 . It is clear that the return loss and the transmission characteristics of the 3-D truncated periodic structures are better than that of the 2-D periodic structure with infinite periodicity. In case of the truncated 3-D CSRRs/TWs periodic structures, the EMC is improved strongly in the propagation direction due to inter-layer coupling. Moreover there is EMC improvement in the transverse directions due to the coupling between the resonators of the different unit cells, while in case of the infinite 2-D periodic structure; there is only improvement in the transverse directions. Figure 5 illustrates that, the infinite periodicity truncation of the periodic structure does not destroy the band pass frequency response and hence the EMC properties of the CSRRs/TWs structure around 10 GHz. In addition, the results showed a shift in the resonance frequency toward the lower frequency for the 3-D periodic structure with truncated periodicity compared with the two periodic structures with infinite periodicity. This frequency shift will be compensated when the 3-D periodic structure is integrated with the patch antenna and make the proposed antenna resonate at 10 GHz because of the capacitive gap between the patch and the 3-D periodic structure. 
Design and Simulation of 10 GHz Patch Antenna incorporated with CSRRs/TWs Periodic Structure in Front of the Patch
Here, the proposed patch antenna incorporated with CSRRs/TWs periodic structure is analyzed, simulated and optimized using CST software. The proposed antenna is operating at 10 GHz and the CSRRs/TWs periodic structure is optimized to present a strong EMC between the patch and the CSRRs/TWs periodic structure in a wideband around the 10 GHz. The antenna is optimized by changing the size of the CSRRs/TWs periodic structure and the separation between the CSRRs/TWs periodic structure and the patch. Figures 6 (a) and 6 (b) show the return loss and the radiation gain at 10 GHz of the proposed antenna at 10 mm separation distance ℎ between the patch and the CSRRs/TWs periodic structure bottom side and at different CSRRs/TWs periodic structure sizes.
(a) (b) Fig. 6 . The simulated return loss (a) and the simulated gain at 10 GHz of the proposed antenna with and without CSRRs/TWs periodic structure of different sizes and at 10 mm separation distance ℎ between the patch and the CSRRs/TWs periodic structure.
Furthermore, the effect of the patch and CSRRs/TWs periodic structure separation on the radiation and impedance matching parameters are studied by fixing the size of the CSRRs/TWs periodic structure at 3×3×2 in x, y and z direction, respectively and changing the separation distance ℎ from 6 mm to 12 mm by step size of 2 mm. It is clear that the proposed antenna is optimized at a separation distance of 10 mm. The return loss and the radiation gain for the proposed antenna at different patch and CSRRs/TWs periodic structure separation and at a 3×3×2 periodic structure size is plotted as shown in Figs. 7 (a) and 7 (b). However, the magnitude of the near electric and magnetic fields of the proposed antenna with and without CSRRs/TWs periodic structure at 10 GHz are plotted as shown in Fig. 8 . It is clear that, by placing a CSRRs/TWs periodic structure of size 3×3×2 and identifying the convergence mesh criteria in the CST, the electric field E magnitude is improved from 29788 v/m to 37996 v/m and the magnetic field H strength is slightly improved from 76.4 A/m to 77.1 A/m and the field is focused above the patch around the center of the CSRRs/TWs periodic structure which claims that the CSRRs/TWs periodic structure employing a EMC improvement. It is important to notice that, the shown number for the E and H fields are just to clarify the improvement in the near field of the patch antenna which occurs due to the CSRRs/TWs periodic structure and these numbers may be changed slightly if the numbers of meshes in the CST are changed. It is clear from Figs. 6 that, as the size of the CSRRs/TWs periodic structure increases, the gain increases, and the beam area is reduced, while the return loss increases (decreases with negative values), and the bandwidth is increased. As the CSRRs/TWs periodic structure is added the losses of the antenna increases, so the total quality factor decreases and hence according to equation (5) given above, the bandwidth increases. Furthermore, according to equations (6, 8 and 9) , the gain improves for the antenna with CSRRs/TWs periodic structure although the losses increases, because the beam becomes more directive due to the EMC improvement caused by the CSRRs/TWs periodic structure and hence the directivity D increases. The increase in directivity D is more than the reduction in the antenna efficiency due to the losses presented by the CSRRs/TWs periodic structure, so the antenna gain increases. Furthermore, according to equation 7, the reason behind the reduction in the return loss of the proposed antenna comes from the change in input impedance which determines the VSWR of the antenna. The antenna input impedance is changed due to the magnetic and the electric coupling between the patch and the CSRRs/TWs periodic structure which result in adding a reactance term to the antenna input impedances, as a result the resistive part of the antenna input impedance may be become more dominant and hence impedance matching is occurred and the return loss is improved as in the case of CSRRs/TWs periodic structure of 2×2×2 size or it may happen the opposite situation such as in the remaining sizes of the CSRRs/TWs periodic structures as shown in Fig. 6 (a) . In one word, it can be said that, the input impedance and hence the return loss of the antenna is affected dramatically when the CSRRs/TWs periodic structure is added and a great effort should be done to impedance match the antenna by choosing the optimal CSRRs/TWs periodic structure size and the separation distance between the patch and the CSRRs/TWs periodic structure. However, it is obvious that, the optimum CSRRs/TWs periodic structure has a sized of 3×3×2 and the optimum separation distance between the patch and the CSRRs/TWs periodic structure is 10 mm. For the optimized proposed antenna, the simulated gain is improved from 7 dB to 11.6 dB, the band width is improved from 700 dB to 900 dB, while the return loss increases and the antenna is less matched. In addition, for a patch antenna with a CSRRs/TWs periodic structure of size 2×2×2 separated from the patch at a distance ℎ of 10 mm, the return loss is improved from -27 dB to -35 dB as shown in Fig. 6 (a) , while the beam area is reduced from 75 degrees to 41 degree as shown in Fig. 6 (b) . However, it should be noticed from Fig. 6 and 7 that, as the size of the CSRRs/TWs periodic structure employing the EMC improvement increases, the return loss increases and the antenna matching becomes worst due to the loading effect of the CSRRs/TWs periodic structure which affects directly the input impedance of the antenna, so to avoid this problem a compromise between the return loss and the gain of the antenna should be done to obtain a good matching and a high gain at the same time.
Fabrication and Measurement
For experimental validation, the proposed antenna resonating at 10 GHz as well as the CSRRs/TWs periodic structure have been fabricated as shown in Fig. 9 . The fabrication is done using wet etching technique on a RT/Duroid 5880 substrate for both the patch antenna and the CSRRs/TWs periodic structure with a relative permittivity of ε r = 2.2 and a thickness of h= 1.57 mm. The return loss, S 11 for the simulated and the fabricated antenna with and without CSRRs/TWs periodic structure is shown in Fig. 10 . Furthermore, the effect of the separation distance between the patch and the CSRRs/TWs periodic structure of size 3x3x2, and the effect of the CSRRs/TWs periodic structure size at fixed separation h S of 8 mm, on the impedance matching of the antenna are illustrated as shown in Fig. 10(a) and Fig 10  (b) , respectively. The measured bandwidth of the patch antenna with and without CSRRs/TWs periodic structure is approximately the same which is around 400 MHz. However, the measured return loss of the 10 GHz proposed antenna incorporated with CSRRs/TWs periodic structure placed on the patch at a separation distance of 8 mm and of size 3×3×2 is improved from -13 dB to -30 dB. Furthermore, both E-plane and H-plane radiation patterns at 10 GHz proposed antenna with and without periodic structure are measured for different periodic structure of sizes 4×2×2 and 3×3×2 and fixed separation ℎ of 10 mm between the patch and the bottom side of the periodic structure as shown in Fig. 11 . However, the simulated E-plane and H-plane radiation patterns at 10 GHz proposed antenna with and without periodic structure are plotted on the same figure. (a) (b) The results showed a good agreement between the simulated and the measured results and that the radiation beam in both E-plane and H-plane become more focused as the CSRRs/TWs periodic structure is placed as the top of the patch. To verify the ideal that as the beam becomes more focused and hence the gain of the antenna is improved, the gain versus frequency for the proposed antenna with and without CSRRs/TWs periodic structure for different periodic structure sizes of 3×3×2 and 4×2×2 and fixed separation of 10 mm between the patch and the periodic structure bottom side is plotted as shown in Fig.  12 . Fig.12 . Comparison between the measured and the simulated gains of the proposed antenna with and with CSRRs/TWs periodic structure of different sizes and fixed separation ℎ of 10 mm between the patch and the CSRRs/TWs periodic structure.
It is clear from Fig. 12 that, the simulated gain of the proposed antenna incorporated with CSRRs/TWs periodic structure of 3×3×2 size is improved from 7 dB to 11.6 dB inside the bandwidth of the antenna, at the same time the measured gain is also improved approximately with the same figures. The gain versus frequency graph of Fig. 12 shows that the measured and the simulated gain of the proposed antenna are roughly closed inside the antenna bandwidth but with little bit fluctuation due to the measurement errors and the misalignment of the placement of the CSRRs/TWs periodic structure above the patch. However, as the periodic structure size increases, the gain of the proposed antenna increases, because the periodic structure congregates more EM waves from the patch radiated waves and the beam becomes more focus.
Conclusion
In this paper, the performance of a 10 GHz patch antenna is greatly improved by beam focusing when it is integrated with a 3-D CSRRs/TWs periodic structure employing EMC improvement. The CSRRs/TWs periodic structure was suspended above the patch antenna through bears made of foam; the CSRRs/TWs periodic structure focused the radiated EM waves of the patch antenna in a narrow area. A 2-D infinite periodicity CSRR/TWs structure is designed and simulated in CST software and the scattering parameters are extracted, the results illustrated that the CSRRs/TWs periodic structure has a band pass scattering parameters. In addition, the infinite periodicity truncation of the CSRRs/TWs periodic structure is also studied by designing and simulated 3-D periodic structure with finite sizes of 2×2×2, 3×3×2, and 4×2×2. The results showed that, the periodic structure truncation has no significant impacts on both the periodic structure band pass scattering parameters and homogeneity.
The proposed antenna has been designed and optimized in CST software, the antenna bandwidth is improve and the return loss generally increases. The results showed that, as the CSRRs/TWs periodic structure is added the losses of the antenna increases, so the total quality factor decreases and hence the bandwidth increases. The change in the impedance matching and hence the return loss is because of the capacitive and inductive coupling between the patch and the CSRRs/TWs periodic structure. The optimized radiation properties of the proposed patch antenna have been obtained through the justification of the patch and the periodic structure separation and the dimensions of the 3-D CSRRs/TWs periodic structure. These improvements in the antenna parameters validate the proposed concept of beam focusing using 3-D periodic structure of CSRRs/TWs employing the EMC improvement, without modifying significantly in the matching methodology of the patch antenna. Furthermore, we have demonstrated the validity of the above properties by CST software EM simulator and experimentally at 10 GHz and showed that, at this frequency the antenna gain, has improved by 4.6 dB, while the beam width is reduced from 75 degrees to 41 degrees which validate the concept of beam focusing using CSRRs/TWs periodic structure. The measured and the simulated results showed an improvement in the return loss by about -20 dB for the antenna incorporated with CSRRs/TWs periodic structure of size 2×2×2 although it increases when 3×3×2 and 4×2×2 periodic structure sizes are used. This improvement is due to the reactance coming out from the electric and the magnetic coupling between the patch and the CSRRs/TWs periodic structure and the coupling between the different parts of the CSRRs/TWs periodic structure itself which result in a reactance term added to the antenna input impedance. As a future work, the idea of gain improvement of the patch antenna incorporated with the CSRRs/TWs periodic structure can be extended to THz frequency rang to be used for short distance wireless communication link, particularly in the biomedical application and inside the satellite to reduce the wiring complexity of the satellite system and. However, the CSRRs/TWs periodic structure can replace the bulky silicon lens used in the THz optical antennas to focus the radiated beam and improve the antenna gain. Also, the CSRRs/TWs periodic structure will be redesigned to have tens of thousands of unit cells to be employed as MM lens for beam focusing and hence gain improvement purposes of the radiated wave from the patch and optical antennas for medical applications [41, 42] . The effective parameters of the CSRRs/TWs will be extracted such that they have a physical and unambiguity response.
